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CYCLONE SEPARAITNG APPARATUS A>TO \^(XOVI (XEANERHAVINGTHE SAME 
REFERENCE TO REPUTED APPLICATION 

[OOOl] This application claims priority under 35 U.S.C. § 119 to Korean Patent Application 

No. 2003-6321 1, filed on September 9, 2003, the entire content of which is incorporated herein by 

5 reference. 

(^OSS-REFERENCETORELAIEDAPPUCAnONS 

[0002] This application is related to copending applications entitled "Cyclone Dust 
Separating Apparatus and Vacuum Cleaner having the same" ( Korean Application No. 2003- 
63212, filed September 9, 2003), "Cyclone Separating Apparatus and Vacuum Cleaner Equipped 

10 with the same" (Korean Application No 2003-63213, filed September 9, 2003), and "Cyclone 
Separating Apparatus and Vacuum Cleaner having the same" (Korean Application No. 2003- 
62520, filed September 8, 2003) whose disclosures are owned by the same assignee as the present 
application and are entirely incorporated herein by reference. 
FIELD OF THE INVENTION 

15 [0003] The present invention relates to a cyclone separating apparatus and vacuum cleaner 
having the same, and more particularly to a cyclone separating apparatus, comprising a first 
cyclone, a plurality of second cyclones, and an inlet-outlet cover installed on the upper part of the 
first cyclone and the second cyclones for communication between the first cyclone and the second 
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cyclones, and, through which air from which dust has been separated at the second cyclone, is 
discharged. 

BACKGROUND OF THE INVENTION 

[0004] Generally, a cyclone separating apparatus operates to separate dust and dirt using 
5 centrifugal force by generating a rotational current inside of the cyclone chamber. The cyclone 
separating apparatuses are widely used in a variety of fields. U.S. Patent Nos., 3,425,192 and 
4,373,228 disclose embodiments adopting the structure of the aforementioned cyclone separating 
apparatus to the vacuum cleaner. The above-mentioned U.S. Patents disclose the cyclone dust- 
collecting apparatus for separating dust from dust-ladened air through a plurality of cyclones. In 

10 the construction, large dust particles are separated by the first cyclone, and cleaned air flows into 
the second cyclone or the auxiliary cyclone where it is filtered again to separate small dust 
particles or dirt. Purified air is discharged to the outside. U.S. Patent No. 3,425,192 discloses that 
the auxiliary cyclone is arranged on the upper part of the first cyclone so that large dust particles 
are separated at the main cyclone (the first cyclone) and partially purified air flows into the 

15 auxiliary cyclone, where small dust particles are separated. U.S. Patent No. 4,373,228 discloses a 
plurality of cyclone units in which the auxiliary cyclones are installed inside of the first cyclone. 
The conventional cyclone separating apparatuses, however, have the following problems. 
[0005] First, the structure where the first cyclone is connected to the auxiliary cyclone is 
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complicated, and the suction force generated from the main body of the vacuum cleaner is hard to 
deliver, thus causing the suction operation and cleaning efficiency to deteriorate. Secondly, since 
the arrangement of the first cyclone and the auxiliary cyclone is not compact, the cyclone 
separating apparatus indispensably requires to be large enough to adequately perform the dust- 
5 collecting operation. Accordingly, the vacuum cleaner with such a cyclone separating apparatus is 
bulky, difficult to maintain and causes an inconvenience to a user to operate. Thirdly, the 
conventional cyclone separating apparatuses are problematic in that since a connection path 
between the first cyclone and the auxiliary cyclone is complicated, a production process is 
complicated and, therefore, the number of parts and production costs are increased. 
10 [0006] Thus, a heretofore unaddressed need exists in the industry to address the 
aforementioned deficiencies and inadequacies. 
SUMMARY OF THE INVENTION 

[0007] The present invention has been developed in order to solve the above drawbacks and 
other problems associated with the conventional arrangement. An object of the present invention 
15 is to provide a cyclone separating apparatus of a compact structure, and a vacuum cleaner having 
the same, which is capable of increasing dust-collecting efficiency in a plurality of the cyclone 
dust-collecting apparatuses, and also preventing deterioration of a suction force. 
[0008] The foregoing and other objects and advantages are substantially realized by 
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providing a cyclone separating apparatus for use in a vacuum cleaner, comprising a first cyclone 
for separating dust from dust-ladened air, a plurality of second cyclones for separating minute 
particles of dust from the dust-ladened air by secondly separating dust from the dust-ladened air 
with a centrifugal force, and, an inlet-outlet cover disposed on an upper part of the first cyclone 
5 and the second cyclones for a fluid-communication between the first cyclone and the second 
cyclones. Purified air cleaned by the second cyclone is discharged through the inlet-outlet cover. 
[0009] The inlet-outlet cover includes an air channel connected in a manner that air 
discharged from the first cyclone flows into the second cyclone. A plurality of outlet channels 
penetrate in the inlet-outlet cover so air can be discharged therethrough from the second cyclone. 

10 A predetermined portion of the outlet channel is inserted into the second outlet when the inlet- 
outlet cover is joined to the second cyclone allowing air to discharge through the outlet channel. 
[0010] One end of the outlet channel is connected to the second outlet formed on one side of 
the second cyclone, and the other end is open in an upward direction of the inlet-outlet cover. The 
other end of the outlet channel is cut into a slope inclining toward a central direction of the inlet- 

15 outlet cover. 

[0011] The first cyclone includes a first chamber in which dust-ladened air is separated by a 
centrifugal force, a first inlet formed in the first chamber through which dust-ladened air flows, 
and a first outlet formed in the first chamber from which air is discharged. Each of the second 

4 

U6511j00131fl5617865v3 



cyclones includes a second chamber for separating dust a second time via a centrifugal force using 
air which was previously separated at the first cyclone, a second inlet formed in the second 
chamber through which air discharged from the first cyclone flows, and, a second outlet formed in 
the second chamber, through which dust-separated air is discharged. 
5 [0012] The first chamber is formed substantially in a cylindrical shape, and the second 
chamber is formed wherein a predetermined part of one end is substantially in a frustum-conical 
shape. The cyclone separating apparatus further includes a cyclone cover installed on an upper part 
of the inlet-outlet cover. The cyclone cover is substantially in a conical shape with open upper and 
lower spaces. The second cyclones are installed on an outer periphery of the first cyclone to 
10 enclose the first cyclone, and, the first cyclone and the second cyclones are integrally formed. A 
separating partition is installed between the second cyclones. 

[0013] The foregoing and other objects and advantages are substantially realized by 
providing a vacuum cleaner comprising a vacuum cleaner main body for generating a suction force 
to draw- in dust-ladened air, a bottom brush for drawing-in dust from a bottom which is a surface 
15 to be cleaned, wherein, the bottom brush is in fluid-communication with the vacuum cleaner main 
body. A cyclone separating apparatus is installed in the vacuum cleaner main body. The cyclone 
separating apparatus includes a first cyclone for separating dust-ladened air, a plurality of second 
cyclones for separating fine dust particles by separating air a second time using air which was 
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previously separated at the first cyclone via centrifugal force, and an inlet-outlet cover installed on 
an upper part of the first cyclone and the second cyclones. The inlet-outlet cover provides fluid- 
communication between the first cyclone and the second cyclones, through which dust-removed 
air from the second cyclone is discharged. 
5 [0014] The inlet-outlet cover includes an air channel connected in a manner that allows air 
discharged from the first cyclone to flow into the second cyclone, and, a plurality of outlet 
channels that penetrate through the inlet-outlet cover and allowing air to discharge from the second 
cyclone. 

[0015] Other systems, methods, features, and advantages of the present invention will be or 
10 become apparent to one with skill in the art upon examination of the following drawings and 
detailed description. It is intended that all such additional systems, methods, features, and 
advantages be included within this description, be within the scope of the present invention, and be 
protected by the accompanying claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0016] The above aspects and features of the present invention will be more apparent by 
describing certain embodiments of the present invention with reference to the accompanying 
drawings. The components in the drawings are not necessarily to scale, emphasis instead being 
placed upon clearly illustrating the principle of the present invention. Moreover, in the drawings, 
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like reference numerals designate corresponding parts throughout the several views. 

[0017] FIG. 1 is a drawing of an exploded, perspective view of a main part of a cyclone 

separating apparatus according to an embodiment of the present invention; 

[0018] FIG. 2 is a drawing of a cross-sectional view of a cyclone separating apparatus 
5 according to an embodiment of the present invention; 

[0019] FIG. 3 is a drawing of a partially cut, perspective, cross-sectional view of a cyclone 
separating apparatus according to an embodiment of the present invention; 

[0020] FIG. 4 is a drawing of a perspective view showing an inlet-outlet cover of a cyclone 
separating apparatus connected according to an embodiment of the present invention; 
10 [0021] FIG. 5 is a drawing of a schematic, cross-sectional view of a canister-type vacuum 
cleaner adopting a cyclone separating apparatus according to an embodiment of the present 
invention; and 

[0022] FIG. 6 is a drawing of a schematic, perspective view of an upright-type vacuum 
cleaner adopting a cyclone separating apparatus according to an embodiment of the present 
15 invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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[0023] Certain embodiments of the present invention will be described in greater detail with 
reference to the accompanying drawings. 

[0024] The cyclone separating apparatus according to a preferred embodiment of the present 
invention includes a first cyclone 1 1 1, a plurality of second cyclones 1 13, an inlet-outlet cover 190 
5 installed on the upper part of the first cyclone 111 and the second cyclones 113, a cyclone cover 
191, and a dust-collecting unit 165. A plurality of the second cyclones 1 13 is installed on the outer 
periphery of the first cyclone 111 enclosing the first cyclone 111. The first cyclone 111, and each 
of the second cyclones 113 are integrally formed, and a separating partition 250 is installed 
between the second cyclones 113 (refer to FIG. 3). The presence of the separating partition 250 
10 increases the firmness of the cyclone separating apparatus 100 because the separating partition 250 
partitions each of the second cyclones 113. 

[0025] A chamber wall 147 is formed in a cylindrical shape around the second cyclones 113. 
The chamber wall 147 can assume a variety of polygonal shapes depending on the shape of the 
chamber wall 147 which is received in the vacuum cleaner main body 10 (refer to FIGS. 5 and 6). 
15 [0026] The first cyclone 1 1 1 includes a first chamber 1 15, a first inlet 121, a first outlet 123, 
and a grill member 130. The first chamber 115 is formed in a cylindrical shape and separates dust 
from air via the centrifugal force of the rotating air current. The grill member 130 is installed in 
the upstream of the first outlet 123 to prevent dust separated from drawn- in air from flowing 
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backward through the first outlet 123. The grill member 130 includes a grill body 131 with a 
plurality of channels, a grill opening 133, and a shielding member 135. The grill opening 133 is 
formed in one side of the grill body 131 for cleaned air to discharge, and is in fluid- 
communication with the first outlet 123. The shielding member 135 is formed on the other side of 
5 the grill body 131 and prevents separated dust from flowing backward. 

[0027] The second cyclone 113 includes a second chamber 145, a second inlet 141, and a 
second outlet 143. The second chamber 145 is formed so that a predetermined part on one end is 
of a conical shape and separates dust-ladened air using centrifugal force. Air discharged from the 
first cyclone 111 flows into the second inlet 141, and air separated by the second chamber 145 is 

10 discharged to the second outlet 143 using centrifugal force. 

[0028] The inlet-outlet cover 190 is installed on the upper part of the first and second 
cyclones 111 and 113, and includes an air channel 197 for fluid-communication between the first 
outlet 123 of the first cyclone 111 and the second inlet 141 of the second cyclone 113, and an 
outlet channel 199. The outlet channel 199 is in fluid-communication with the second outlet 143 of 

15 the second cyclone 113, and is inserted into the second outlet 143 of the second cyclone 113. 
When the inlet-outlet cover 190 is joined to the second cyclone 113, a predetermined portion of 
the outlet channel 199 is inserted into the second outlet 143 so purified air can be discharged 
through the outlet channel 199. One end of the outlet channel 199 is connected to the second outlet 
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143 of the second cyclone 113, and the other end is open in an upward direction of the inlet-outlet 
cover 190. The other end of the outlet channel 199 is cut in an angle and slopes towards the center 
of the inlet-outlet over 190, allowing air discharged from the second cyclone 113 to easily 
accumulate at the cyclone cover 191 (refer to FIG. 4). 
5 [0029] The cyclone cover 191 is formed in a conical shape with open upper and lower spaces. 
The cyclone cover 191 is detachably disposed with respect to the upper part of the inlet-outlet 
cover 190. Air discharged from the second outlet 143 of the second cyclone 113 accumulates 
and is discharged to the outside of the cyclone separating apparatus 100 through an upper opening 
193 formed on the upper space of the cyclone cover 191. 

10 [0030] The dust-collecting unit 165 includes a first dust-collecting bucket 161 and a second 
dust-collecting bucket 163. The first dust-collecting bucket 161 is formed integrally with the 
second dust-collecting bucket 163. The second dust-collecting bucket 163 may be formed as a 
hollow cylinder or substantially as a hollow cylinder. The second dust-collecting bucket 163 is 
detachably joined with respect to the chamber wall 147 which is formed on the outside of the 

15 second cyclone 113. The first dust-collecting bucket 161 may be formed as a hollow cylinder or 
substantially as a hollow cylinder. The first dust-collecting bucket 161 is formed inside of the 
second dust-collecting bucket 163, and is detachably joined with respect to the first chamber 115 
of the first cyclone 111. 
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[0031] Hereinafter, a vacuum cleaner with the cyclone separating apparatus according to an 
embodiment of the present invention will be described 

[0032] As shown in FIG. 5, a dust-collecting room 12 is defined by a partition 17 formed in 
one side in the interior of the vacuum cleaner main body 10 and a cyclone separating apparatus 
5 100 which is positioned inside the dust-collecting room 12. A first inlet 121 is formed in one side 
of the upper part of the periphery of the cyclone separating apparatus 100 for dust-ladened air to 
pass therethrough as air is drawn-into the cyclone separating apparatus 100 via a flexible hose 15 
of the vacuum cleaner by the suction force generated using a motor (not shown). 
[0033] An upper opening 193 is formed in the central part of the upper end of the cyclone 
10 separating apparatus 100 to allow air to pass therethrough when air ascends after the dust-filtering 
by the centrifugal force. The cyclone separating apparatus 100 can be employed in an upright-type 
vacuum cleaner as well as the canister-type vacuum cleaner. The upright-type vacuum cleaner 
adopting the cyclone separating apparatus 100 will be described with reference to FIG. 6 as 
described below. 

15 [0034] A vacuum generating apparatus (not shown), i.e., a motor operating part, exists in the 
inside of a cleaner main body 10. A suction brush 60 is connected in a movable fashion with 
respect to the lower side of the cleaner main body 10, and a cyclone mounting part 65 is prepared 
on the front center of the cleaner main body 10. An air suction channel 70 which connects to the 
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suction brush 60, and an air discharging channel 75 which connects to the motor operating part, 
also exist in the inside of the cyclone mounting part 65, respectively. 

[0035] The first inlet 121 of the cyclone separating apparatus 100 is in fluid-communication 
with the air suction channel 70, and the upper opening 193 is in fluid-communication with the air 
5 discharging channel 75. Accordingly, dust and dirt are separated, while air drawn-in through the 
suction brush 60, passes through the cyclone separating apparatus 100. Purified air is discharged to 
the outside by way of the upper opening 193 and the air discharging channel 75. 
[0036] The operations of the cyclone separating apparatus 100 with the construction 
described above and the vacuum cleaner with the same, will be described with reference to FIGS. 
10 1-6 hereinafter. 

[0037] As the suction force is generated at the vacuum cleaner main body 10, a bottom brush 
60, which is connected to the vacuum cleaner main body 10, draws-in dust-ladened air from a 
surface to be cleaned. Air flows into the first chamber 115 in a tangential direction along the first 
inlet 121 of the cyclone separating apparatus 100 and is filtered at the first cyclone 111 by the 
15 centrifugal force. As a result, large particles of dust are separated from air and collected at the first 
dust-collecting bucket 161. In particular, the first cyclone 111 operates to separate large particles 
of dust from the drawn-in air using a suction force generated at the vacuum cleaner main body 10. 
The first chamber 115 of the first cyclone 111 generates the centrifugal force by rotating air 
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flowing through the first inlet 121 along the inner wall of the first chamber 115 in a tangential 
direction with respect to the first chamber. Air, being relatively light in weight, is less influenced 
by the centrifugal force, and therefore, air converges on the central portion of the first chamber 
115 and is discharged in a whirling air current toward the first outlet 123. 
5 [0038] In contrast, dust or dirt is relatively heavy compared to air, and when subjected to the 
centrifugal force flows along the inner wall of the first chamber 115 and is collected at the first 
dust-collecting bucket 161. 

[0039] Once-filtered air flows through the first outlet 123 of the first chamber 115, passes by 
the air channel 197 and into the second chamber 145 in a tangential direction through the second 

10 inlet 141 of the second cyclone 113. Since the air channel 197 is divided into small channels in a 
radial pattern from the center, one large air stream is branched into small air streams. Accordingly, 
the large air stream is efficiently divided in the second cyclone 113. Air that has flowed into the 
second chamber 145 is filtered again by the centrifugal force, so that small dust particles or dirt are 
separated and collected at the second dust-collecting bucket 163. The fine dust particles are 

1 5 collected at the second dust-collecting bucket 163 by a plurality of the second cyclones 113. 

[0040] A separating partition 250 is formed between the second cyclones 113 and prevents, 
dust from flowing backward, and allows an efficient dust-collecting process when separated dust 
falls down to the second dust-collecting bucket 163. After the second dust-separation using 
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centrifugal force, air flows through the second outlet 143 of the second cyclone 113, passes by the 
outlet channel 199 of the inlet-outlet cover 190, converges on the cyclone cover 191, and is 
discharged through the upper opening 193 formed in the upper part of the cyclone cover 191 (refer 
to FIG. 2). 

5 [0041] The outlet channel 199 of the inlet-outlet cover 190 projects from the inlet-outlet 
cover 190, and the end of the outlet channel 199 is cut into a slope across its cross section, 
allowing discharged air to converge on the cyclone cover 191 more efficiently. An air discharging 
structure using slope-cutting can prevent suction force deterioration of the vacuum cleaner main 
body 10, and increases dust-collecting efficiency. 

10 [0042] The second cyclone 113 separates the fine dust particles from air that have been 
filtered once at the first cyclone 111. In other words, the cyclone separating apparatus 100 
improves dust-collecting efficiency by performing the initial dust-separation process at the first 
cyclone 111 and performing the second separation process at a plurality of the second cyclones 
113. In the cyclone separating apparatus 100 as described above, the distance between the first 

15 outlet 123 of the first cyclone 111 and the second inlet 141 of the second cyclone 113 is reduced 
compared to the related art as disclosed in U.S. Patent Nos. 3,425,192 and 4,373,228. Hence, 
suction force deterioration is prevented, and dust-collecting efficiency is improved. After the 
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processes as described above, air from the cyclone separating apparatus 100 is discharged to the 
outside through the vacuum cleaner main body 10. 

[0043] As is apparent from the foregoing, the conventional cyclone separating apparatus used 
to have a problem of low dust-collecting efficiency and was limited to some extent mainly in terms 
of suction force efficiency. However, through the improvement of the shape of the outlet channel 
of the inlet-outlet cover of the cyclone separating apparatus, a compact structure is realized, 
suction force deterioration is prevented, and dust-collecting efficiency is increased. 
[0044] The foregoing embodiment and advantages are merely exemplary and are not to be 
construed as limiting the present invention. The present teaching can be readily applied to other 
types of apparatuses. Also, the description of the embodiments of the present invention is 
intended to be illustrative, and not to limit the scope of the claims, and many alternatives, 
modifications, and variations will be apparent to those skilled in the art. 
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